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ontribution of Noninvasive Imaging
o the Diagnosis and Follow-Up of
akotsubo Cardiomyopathy
ndrew Crean, MD,* John P. Greenwood, PHD,† Sven Plein, PHD†
AKOTSUBO CARDIOMYOPATHY (TTC ) I S INCREAS INGLY BE ING RECOG-
IZED AS A FORM OF ACUTE REVERS IBLE MYOCARDIAL STUNNING IN
HE SETT ING OF UNOBSTRUCTED CORONARY ARTER IES . The Japanese term
Tako tsubo”—literally “octopus trap”—derives from the angiographic appearance of the left ventricle
LV) at end-systole with marked “ballooning” of the apex and hypercontractile base. It occurs most often
n post-menopausal women as a response to emotional stress. The presentation with chest pain,
lectrocardiographic (ECG) changes and, sometimes, LV failure may result in a misdiagnosis of acute
oronary syndrome. With the advent of primary percutaneous coronary intervention (PCI), this
ardiomyopathy is increasingly seen. The deﬁning hallmark of TTC is the complete recovery of function
hat occurs within days to weeks of the original clinical presentation. Cardiologists need to be aware of
he speciﬁc diagnostic features of the condition and the contribution that imaging may make to its
ecognition and management.
Figure 1. Typical Appearances of Takotsubo Cardiomyopathy
This post-menopausal woman presented with acute chest pain following an unexpected death in the family. Her electrocardiogram dem-
onstrated widespread acute ST-segment elevation consistent with acute myocardial infarction and she was accepted for primary PCI. Her
LV angiogram (A) demonstrates the classic appearance of apical ballooning (also see Online Video 1 and accompanying legends.) The
left coronary system (B) and right coronary artery (not shown) were unobstructed. Echocardiography on admission (C) conﬁrmed the
hypercontractile basal function and thinned dyskinetic apex (4-chamber view). Three months later apical systolic function assessed by
cardiac magnetic resonance (D) was near-normal.
rom the *Toronto General Hospital, Toronto, Canada; and †Leeds General Infirmary, Leeds, United Kingdom.
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520Figure 2. Early Recognition of Takotsubo Cardiomyopathy
Although the interventional cardiologist is often the ﬁrst to make the diagnosis if LV angiography is performed (A, arrows indicate hypercontractile base), in
some cases the diagnosis is made even earlier in the emergency room where standard 2-dimensional surface echocardiography is often highly suggestive in the
correct clinical context. Multiple views including parasternal long-axis (B) and apical 4-chamber (C) should be obtained to conﬁrm the apical dyskinesia and vig-
orous basal contraction. (Also see Online Videos 2A to 2D and accompanying legends.)Figure 3. Criteria for Diagnosis of Takotsubo Cardiomyopathy: Absence of Scar
TTC is felt to represent a process of reversible myocardial stunning potentially mediated by the adrenergic nervous system. Acute coronary occlusion may also
result in regional stunning and must be excluded by angiography (A). Late gadolinium enhancement cardiac magnetic resonance has been shown to be exquis-
itely sensitive to the presence of myocardial scar and is the ideal technique for excluding infarction as the cause of dyskinesia; normal LV myocardium is shown
here as a black ring on basal (B), mid (C), and apical (D) short-axis sections. (Also see Online Video 3 and accompanying legend.)Figure 4. Criteria for Diagnosis of Takotsubo Cardiomyopathy: Recovery of Function
Since the underlying pathophysiology of TTC is believed to be a form of myocardial stunning, recovery of normal systolic function is imperative for the diagnosis
to be made conﬁdently. Despite the impressive apical ballooning (A) and apical thinning at presentation (B), (cine cardiac magnetic resonance at end-systole),
the absence of myocardial scar (C), virtually guarantees normalization of function within weeks or a few months (D), cine cardiac magnetic resonance at end-
systole in the same patient as in A to C 3 months after initial presentation demonstrate normal form and function. (Also see Online Videos 4A to 4C and 4E and
accompanying legends, and Online Image 4D.)
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Figure 5. Pathogenesis of Stunning in Takotsubo Cardiomyopathy
The exact cause of this cardiomyopathy is unknown. The most popular theory proposes a vigorous neurohumoral discharge precipitated by emotional stress
leading to severe microvascular dysfunction and impairment of microvascular perfusion. This may then lead to secondary myocardial stunning, although why
this should preferentially spare the basal segments (A, 4 chamber cine cardiac magnetic resonance at end-systole) is unclear. Indirect support for this hypothesis
comes from cardiac magnetic resonance ﬁrst-pass perfusion studies which appear normal at basal levels (B) but may demonstrate low-signal subendocardial per-
fusion defects more apically (C). (Also see Online Videos 5A to 5C and accompanying legends.) Contrast-enhanced computed tomography may also demonstrate
low attenuation at the apex (D) which again normalizes with recovery.
Figure 6. Advanced Imaging Techniques in the Assessment of Takotsubo Cardiomyopathy
Microbubble echocardiography contrast may be used for delineation of perfusion defects as well as clearer endocardial deﬁnition (A). Tissue Doppler imaging
demonstrates out-of-phase motion of the basal components compared to the apex (B). Three-dimensional echocardiography enables construction of an LV
model and regional time-volume curves (C), here demonstrating a marked difference between basal segments (colored curves) and the apex (white curves).
Regional strain patterns can be assessed by cardiac magnetic resonance tagging sequences, which even visually often show clear differences in spatial distortion
of line tags (D) between the base and relatively motionless apex.
Figure 7. Complications of Takotsubo Cardiomyopathy
Despite a propensity for eventual full recovery, TTC is not an entirely benign condition. Patients often require supportive therapy for hypotension which may
even necessitate intra-aortic balloon counterpulsation in some cases. Hypotension may be exacerbated by the hyperdynamic basal contraction resulting in LV
outﬂow tract obstruction (A and B) as well as secondary severe mitral regurgitation (C) due to systolic anterior mitral valve motion in a manner akin to that seen
with basal hypertrophic cardiomyopathy. (Also see Online Videos 6A and 6D and accompanying legends, and Online Images 6B and 6C.) LV thrombus may
develop adjacent to the akinetic apex, here seen in 2 patients on computed tomography (D, arrow) and cardiac magnetic resonance (E, arrow); anticoagulation
in the acute phase is thus advisable.or supplementary videos with legends and supplementary images, please see the online version of this article.
